Thionins are synlhesized as precursors with a signa] peptíde and a long C-terminal acidic pcptide ihai is post-translatíonally processed. A fusión protein including the maltose-binding protein from Escheríchia cali (MalE), thionin DG3 from barley leaves, and its acidic C-terminal peplide has been used to obtain antibodies Chat recognize both domains of the precursor. In barley leal" sections, mature thionins aecumulated in the vacuolar content, while the acidic peptide was not delected in any cell liaction. Brefeldin A and monensin inhibited processing of the precursor bul its expon from the microsomal fraclion was not ¡nhibited. Both purified vacilóles and an acid (pH 5.5) extracl from leaves processed the fusión protein into a MalE-thionin and an acidic peplide fragment. A 70-kDa proteinase that effected this cleavage was purified from the acid extract. Processing of the fusión protein by both lysed vacuoles and the purified proteinase was inhibited by Zir' and by Cu 21 , but not by inhibitors of the previously described vacuolar processing thiol or aspartic proteinases. In vivo processing of the thionin precursor in leal" sections was also inhibited by Zn 2 ' and Cu 2 '. Variants of the fusión protein with allered processing sites that represeiiled those of thionin precursors from difieren! taxa were readily processed by the proteinase, whereas changing the polarity of either the C-lerminal or N-terminal residues of" the processing site prevented cleavage by the proteinase.
glycinin in soybean seeds also oceurs al a conserved Asn-Gly (Pl-Pl') sile: the enzyme involved was at leasi partially affected by inhibitors of thiol proteinases. such as rra/is-epoxysuccinyl-L-leucylamido-(4-guanidinio)butane (E64) and HgCL (Scott et al.. 1992) .
A second type of vacuolar processing activity was found lo correspond to an aspartic proteinase (D'Hondi et al.. 1993 : Runeberg-Roos et al.. 1994 . Ii has been deterrnined that 13 amino acid residues al the C lerminus of probarley lectin are specil'ically elcaved in vino by a vacuolar aspartic proteinase that is co-localized with the lectin in root cells of developing embryos and germinating barley seedlings (Runneberg-Roos et al., 1994) . Previously. it liad been shown that an aspartic proteinase present in seeds specifically eleaved Arabidopsis 2S albumin precursors in vitro (D'Hondl et al.. 1993) .
Thionins are widely distributed cysteine-rich plant polypeptides that are loxic to plant microbial pathogens and might be involved in reclox regulation (see reviews by García-Olmedo el al.. 1989 . 1992 . The Uve thionin types that have been described have a common precursor slructure with a signa) peplide al the N lerminus and a long acidic peptide al the C lerminus. as deduced from their cloned complementar)' and genomic DNAs (Bohlmann and Apel. 1987; Caslagnaro et al., 1992; Gausing. 1987 : Hernández-Lucas et al.. 1986 Ponz el al.. 1986 : Rodríguez-Paleimiela el al.. 1988 Schrader and Apel. 1991) . The study of the in vitro and in vivo synthesis of lype-I thionins from barley endosperm showed that at least two processing steps were required lo yield the mature protein. the co-translational cleavage of a signa] peptide and the posi-translational cleavage of a larger peplide (Ponz. el al.. 1983 ). Precursor siruclures deduced from subsequcntly deterrnined nuclcotide sequenees of type-I cDNAs were congruenl with these observations (Hernán-dez-Lucas et al.. 1986; . This type of thionin lias been located in cleciron-dcnsc ovoidal structures present in the periphery of protcin bodics in baiiey and wheal cndospcrm (Carmona el al., 1993) , bul the localion of llie posl-iranslational processing aclivity is nol known. Alihough the processing of lile oihcr lliionin lypes has nol been investigaled. a eonimon mechanism can be inferred from the highly conserved features ol the different precursors. Type-ll thionins, which are expressed in barley leaves, were originally thought lo be mainly located in the cell wall (Bohlmanii el al.. 1988) . bul it was later reponed that over 98% of them were in the vacuoles (Reimann-Pliilipp et al., 1989) .
We reporl here on the processing of lype-II ihionins in barley leaves by a new vacuolar proleinase which differs from preyiously reponed ones. according lo the Ibllowing criteria: (a) il is nol inhibited by any of the diagnostic inhibiiors. including pepstatin A. which is specil'ic for asparlie proteinases. and inhibttors of cysteine proleinases; (b) substrale cleavage specificity: (c) pardal amino acid sequence ¡nformation; and (d) appareni molecular mass.
MATERIALS AND METHODS
Biological material. Hordeum vulgare L. (cv. Bomi) seeds were grown in sterile conditions in the dark and 5-7-day-old leaves were used as experimental material. Barley leal" thionin DG3 was a gift from Dr A. Molina (Molina el al.. 1993 ) and the acidic peptide expressed in Escherichia coli was donated by Dr A. Castagnaro (Madrid).
Antibodies and immunochemical methods. A fusión protein comprising the maliose binding protein of /-.' . coli and the precursor of barley leaf thionin DG3 (Bohlman and Apel, 1987) was uscc to produce anti-precursor antibodies (Fig. 1) . A Hincill-////;din DNA fragment coding for the fusión protein was ligaled inlo the A.s/;70() {Ximú) and Hinú\\\ sites of the pMALp2 plasmid (New England BioLabs). The fusión protein (53.3 kDa) was expressed in E. coli cclls and purified using the protein lusion and purification system according lo (he manufacturera directions (New England BioLabs). In some experimenls. the fusión proleins were radiolabeled in vivo as described (Sambrook et al., 1989) .
To obtain polyclonal antibodies againsí the fusión protein. doses ol 100 ug were injected subculaneously into adult témale rabbits. logether with Freund's complete adjuvant (Difco) at 3-4-wcek intervals (Tai and Chey. 1978) . Proleins separated by SDS/PAGE were electroblolted onto Immobilon-P (Millipore). The immunoblolting reaction was performed using each solulion ol the ar.tibody againsí the above fusión protein diluted 1:100 lollowed by incubation in goal anti-rabbit IgG conjugated to alkalme phosphatase (Sigma) diluted 1:5000. Proleins were immuiiopi-ecipiíaled from ,5 S-labeled extraets by incubation with annbodics against the thionin precursor or againsí lipid transfer protein (Molina and García-Olmedo. 1993) . which liad been previously bound to prolein-A-agarose (Boehringer Mannheim). Anti-Uhionin precursor) (dilution 1:10) or anti-(lipid transfer protein) (1:100) antibodies were incubated with swollen prolein-A-agarose beads in Tris-Nonidet/NaCl (20 mM Tris/HCI pH8.2. 150 mM NaCI, 0.5% Nonidet P-40, and 0.25 mg/ml BSA) at room temperatura for 2 h with continuous shaking. Protein extraets were diluted twofold wilh Tris/Nonidet/NaCl and added to the antibody complexes and the mixtures were furtlier mixed by tumbling for 4-16 h al 4°C. The protein-A-agarose beads were washed six times with Tris/Nonidet/NaCl and twice wiih Tris-buffered saline (20 mM Tris/Hcl pH 8.2. 150 mM NaCI), before releasing the bound proteins by incubation at 100°C for 3 min in SDS sample buffer (Laemmli, 1970) . SDS/ PAGE was performed as described by Laemmli (1970) using 4-20% acrylamidc gradient gels (BioRad). Gels containing radiolabeled proteins were trealed with Enlighining (DuPont) prior to fluorography.
Tissue labeling and l'ractionation. Young etiolated barley leaves were cul inlo 8-mm-long fragmeiils and floated onio 40-pl drops of water (five fragments/drop). containing 80 uCi "SOi (10-1000 Ci/mol; DuPont) for the time periods indicated. lollowed by incubation in 40-ul drops of water. Inhibiiors were added at the following concentrations: 10 pM monensin (Sigma). 50 ug/ml brefeldin A (Sigma). 10 mM zinc acétate, or 10 mM copper acétate. Thionin and its precursor were extracted with 0.5 M NaCI after freezing the leaves in liquid N ; and grinding to a fine powder with a morlar and pestle. Insoluble material was removed by centrifugation at 10000 g for 15 min at 4°C and ihe supernataní was used for immunoprecipitalion.
The microsomal fraction was obtained from labeled leaves which were homogenizcd as above in a buffer consisling of 12% sucrose. 250 mM Tris pH 8.5, 25 mM EDTA. 5 mM dilhiothreitol and 1 mM phenylmethylsulfonyl fluoride (PhMeS0 2 F). The homogenate was centrifuged at 10000 # for 10 min al 4°C. The supernalant was filtered through miracloili and centrifuged at 100000 g for 2 h at 4°C. The microsomal pellet was suspended in Tris/Nonidet/NaCl buffer. Cell wall preparalions were obtained as described by Giordani and Lafon (1993) . Labeled fragments of barley leaves were infillrated and the intereellular fluid was separated from leaves as described previously (Molina and García-Olmedo. 1993 ).
Preparation and fractionation of vacuoles. Proloplasts were isolaled from young etiolated barley leaves using the procedure described by Díaz (1994) . Proloplasts were resuspended in 3 mi warm (42°C) lysis médium (2.5% Ficoll-400. 0.5 M sucrose. 15 mM sodium phosphatc pH 7.6. 2 mM EDTA). by pipeting the suspensión up and down four or five times with a long Pasteur pipet: 7 ul 10 mg/ml neutral red was added to visualize vacuoles. When reléase of vacuoles was complete (=5 min). the mixture was overlaid with 3 mi 0.3 M sucrose. 0.3 M sorbitol, 15 mM sodium phosphatc pH 7.6. 2 mM EDTA and 0.5 mi 0.6 M sorbitol. 20 mM sodium acétate pH 5.5. 2 mM EDTA. The gradient was centrifuged at 200 g for 2 min and at lOOO.if for 4 min al I0°C. Purified vacuoles were collecled from the lop layer. The purily of vacuole preparalions was checked by optical microscopy and by assay of the following enzymes: a-mannosidase (vacuolar marker; Van der Wilden el al.. 1980) . aiilimycin-insensilive NADH:cytochronie c reducíase (endoplasmic rcliculum marker: Shimomura et al.. 1988) . and inositol diphosphatase (Golgi marker: Cbrispeels. 1983). Tonoplast and vacuolar sap proleins were separated by ultracentrifugalion. as described by Hofte et al. (1991) . When necessary. vacuole extraéis were conceniraled by centrifugation in a Microsep centrifuga! concentrator 3 K (Filiron).
Assay of processing activity. A typieal reaction mixture conlained enzyme exlract or purified proleinase and fusión protein (labeled or not) in 20 mM sodium acétate pH 5.5 and 10 mM dilhiothreitol was incubated at 30°C for 3 h. The mixture was lyophilized and resuspended in SDS sample buffet before being subjected to SDS/PAGE. The following compounds were tesied for inhibiiion of the proteolytic processing activity: 1 mM copper acétate, zinc acétate, mercury acétate. PliMeSO.F, E64. /j-chloromercuribenzoate. iodoacetic acid or /V-eihylmaleimide. 0.3 mM pepstatin A or leupeptin. 5 or 10 mM EDTA. I or 10 mM o-phenanthroline, 10 uM monensin. 50 pg/ml brefeldin A. The assay mixture was incubated with the inhibilor for 20 min al 30°C before the addilion of the substrale to slarl the reaction.
Purífícation of the processing proteinase. Young etíolated leaves from barley (5 g) were frozen in liquid N 2 and ground lo a fine powder. Proleins were extracted ¡n 20 mi 20 mM sodium acétate pH 5.5. Insoluble material was removed by centrifugation at 10000 j? for 15 min. The supernatant was concentrated 20-fold by lyophilization, centrifuged as above and filtered through 0.45-um filter (Schleicher & Schüll). The fíltrate (1 mi) was loaded onto a Superdex 75 HR 10/30 HPLC column (Pharmacia LKB) at a flow rate of 0.3 ml/min, using 20 mM sodium acétate pH 5.5 as eluent, and 0.6-ml fractions were collected. Processing activity was assayed in al I protein-containing fractions and the active fractions were used for further purification by chromatography on a Mono S HR 5/5 column at 0.5 ml/min flow rate in 20 mM sodium acétate pH 5.5. A step gradient (0-30%, min 6-16, and 30-100%, min 16-26, of 0.5 M NaCI) was used to elute proteins, and 0.5-ml fractions were collected. Active fraction (II) was concentrated by lyophilization and pooled logether with other identically purified fractions. These active fractions were loaded onto a Superdex 75 HR 10/30 column at a flow rate of 0.3 ml/min and 0.6-ml fractions were collected. Processing activity was assayed in all protein-containing fractions.
Samples from the diffcrent purification steps were analyzed by 12% SDS/PAGE and identified by Coomassie or silver staining. Pre-stained molecular markers (Amersham) used for apparent molecular mass determination were: myosin (213 kDa), figalactosidase (123 kDa), bovine serum albumin (85 kDa), ovalbumin (50.3 kDa), carbonic anhydrase (33.3 kDa), soybean trypsin inhibitor (28.5 kDa), and Iysozyme (18.9 kDa). Protein concentralion was estimated by the Bradford dye binding assay (Bradford, 1976) , using BSA as standard; the amino acids were sequenced by automated Edman degradation.
Site-directed mutagenesis. The processing site between the maturc thionin and the acidic peptide of the fusión protein was altered using the altered sites in vitro mutagenesis system kit (Promega) and cloning of the fusión gene in the Saci and HindlII sites of the pSELECT plasmid. The mutagenic synthetic oligonucleotides used were 5'-CCTAGGGACTGGAATCACC-TTAATCTTC, 5'-GGGACTATGCTAACCTTAATCT, 5'-CTA-TCCTAACGATAATCTTC, 5'-CTATCCTAGGCTTAATA, and 5'-GACTATCCTGACCTTAATC.
RESULTS
In vivo processing of thionin precursors. A fusión protein was obtained in E. cali that consisted of the MalE protein, the mature leal" thionin DG3 (Bohlman and Apel, 1987) , and the correSponding acidic peptide, using the pMAL-p2 plasmid ( Fig. 1 A,  B) . Rabbit antibodies raised against the fusión protein recognized both the mature thionin (5 kDa) isolated from barley leaves and the acidic peptide produced in E. coli (Fig. 1 C) . The faint bard that appears in lañe TH (at about 10 kDa) corresponds to a small proportion of thionin dimers that is usually observed when purified, unblocked protein is subjected to SDS/PAGE.
To investígate the possible accumulation of the acidic Cterminal peptide and to confirm prcvious reports concerning the subcellular location(s) of type-II thionins in barley leaves, intact leaf sections were washed after a 8-h radioactive pulse plus a 24-h incubation in water without label, under conditions in which cell-wall-associated lipiel transfer proteins were extracted (Molina and García-Olmedo, 1993) . Labeled thionins were detected by immunoprecipitalion in the residual fraction, but not in the extract, while the acidic peptide was not detected in either fraction (Fig. 2 A) . Similarly labeled leaf sections were homogenized and fractionated into a crude cell-wall preparation and a supernatant fraction; less than 1% of the total of radioactive thionin was detected in the cell-wall fraction and again no trace of the acidic peptide was found (data not shown). Intact vacuoles were obtained from barley leaf protoplasts and fractionated into tonoplast and vacuolar contení. Western blot analysis indicated that thionins were present only in the vacuolar content (Fig. 2B) , and thionin yields |expressed relative to the vacuolar marker amannosidasc ( Van der Wilden et al., 1980) ( Fig. 3) . Processing was inhibited by both monensin and brefeldin A (Fig. 3) , toxins that are known to perturb the Golgi-based secretor} machinery and transpon of vacuolar proteins (Bcdnarek and Raikhel. 1992; Gómez and Chrispeels. 1993: Klausner et al., 1992; Mollenhauer et al., 1990; Pelham. 1991; Stinissen et al., 1985) . A faint band of matute thionin was observed in the inhibited samplc at I h (label + inhibitor, 3 h; plus inhibitor, 1 h) which was not observed at 24 h (Fig. 3) , indicating some delay in the onset of inhibition and a rapid tumover ol the mature protein under the experimental conditions used. Although the radioactive precursor was withdrawn after 3 h, incorporalion of the "SO*" label continued during the subseqtient incubation, probably due to a lag in its diffusion and its incorporation into protein.
Tissue homogenates were analysed after radioactive labeling by fractionation into a mierosomal and a supernatant fraction (which also included the vacuolar content), immunoprecipitation, electrophoresis and fluorograpliy (Fig. 4) . The mature thionin was nol detected in the mierosomal fraction of the non-inhibited sample, which indicated that processing must oceur after the precursor leaves the microsomes. Retention of the thionin precursor in the mierosomal fraction was not observed in the samples in which processing liad becn inhibited by monensin or brefeldin A, suggesting that retention in the particulate fraction was not the reason why cleavage of the precursor was prevented by these toxins (Fig. 4) . Nígericin, an ionophore that is known to disturb or even re-direct the movement of Golgi vesicles (Craig and Goodchild, 1984) , also inhibited processing but not transpon of the thionin precursor (result not shown). The activity of the mierosomal enzymes in the supernatant fraction was less than 1 % of that in the microsomes, whereas less than 1 % of the vacuolar marker activity was presen! in the mierosomal fraction. A method to confirm whether prothionin is transponed to the vacuole bul not processed in the presence of either monensin of brefeldin A is to isolate vacuoles from protoplasts in the pies- ence of the toxins. Unfortunately, attempts to obtain protoplasts from tissue trealed with monensin or brefeldin A were not successful.
Characterization of the thionin precursor processing activity. To characterize the activity responsible for the cleavage of the thionin precursor, the fusión protein, which includes the complete precursor sequence, was used as a substrate in vitro. This protein was radioaclively labeled and incubated either with intact vacuoles or with an acid (pH 5.5) protein extract from barley leaves, and the incubation mixtures were fractionated by SDS/ PAGE, followed by Coomassie blue staining (Fig. 5 A) or fluorography (Fig. 5B ). Both intact vacuoles and the leaf extract cleaved the fusión protein (53.3 kDa) into a lragment of 46.5 kDa, that would correspond to the MalE protein plus the mature thionin and a fragment of 6.8 kDa. that would represent the acidic C-terminal peplide (Fig. 5 B) . Longer incubations led 10 the disappearance ol" the latter, bul not of the 46.5-kDa fragment (not shown). The acidic peptide fragment stained poorly with Coomassie blue. which is an acidic stain, and seemed lo interfere with the staining capacity of thc fusión protein as comparecí with MalE-thionin (Fig. 5A) , whereas the six Cys and three Mel residucs in the acidic peptide grcatly enhanced the radioactive labeling and delection of the fusión protein (Fig. 5 B) . Thc processing activity required thc presence of at least 2 mM diihiolhreilol in the assay buffer and was oplimal al 50 mM dithiothreitol.
I'uril'icaiion of the processing proteinase. The acid protein extract froni barley leaves was fractionated on a Supcrdex 75 column (Fig. 6A ) and the fraction I that was able lo process the fusión protein was chromatographcd on a Mono S column to obtain active fraclion II (Fig. 6B) . Chromatography of fraclion 11 on Supcrdex 75 allowed thc isolation of an active protein that was homogeneous as judged by SDS/PAGE, and had an apparent molecular mass of 70 kDa (Fig. 6D, III) . The purified protein used for sequence analysis appeared lo be blocked al thc N terminus. bul an 18-residue interna! amino acid sequence was obtained and il was used lo search for sequence similarity in the EMBL datábase. No significan! evidence of similarity of this sequence with respect lo previously described sequences was found using (he FASTA, tFASTA, BLAST. and tBLAST algorilhms.
Inhibition profílc ofthe proteinase. To investígate the possible mechanism ofthe processing activity, as wcll as ils possible relalionship lo that of previously reponed proleinases, its susceptibility to a wiele range of inhibitors was tested. In vitro inhibition was stuclied in parallcl with intacl vacuoles. lysed vacuoles. and thc purified proteinase. using the fusión protein as substrale.
In the three cases, a clear pH oplimum al abotu pH 5.5 was observed (aclivilics at pH 7.0 and 4.0 were <25% o I" oplimum: not shown). Results obtained with diagnostic inhibitors. namely PhMcSOiF (serine proteinases). E64 (cysteine proleinases). pepstatin A (aspartic proleinases) and o-phenanthroline (melalloproteinases). as well as wilh Cu 31 . Zn-'. and Hg 2 ', are presented in Fig.7 . Additionally. the following inhibitors were used: iodoacetatc. EDTA. Ñ-ethylmaleimide. />-hydroxymercur¡ben-zoate, antipain. leupeptin, and aprotinin, as well as the drugs monensin and brefeldin A (not shown). Inhibition was not observed with any of the inhibitors tested, except with Cu-' and Zn-' althoagh the latter diel not inhibít processing by intacl vacuoles (Fig. 7) . Both metal ions inhibited processing when exlernally applied at (he same time as "SO" in an in vivo pulse experiment (Fig. 7) .
Cleavage specifícity. Cleavage specificity was studied by sitedirected mutagenesis of the fusión protein used as substrale. Allercd fusión proteins were obtained in which amino acid sequences around processing siles from other ihionin precursors were reproduced or thc polarity ol ilie Pl (C-terminal residue of the processing site) or Pl' (N-terminal residue of the processing site) residucs was changed (Fig. 8 A) . Mutations that represented cleavage sites from other known thionin precursors. both from barley and from distan! laxa (Lorcintluicecie, Cnicifenie), were readily processed, whereas introduction of an aspartate residue at positions Pl or Pl' prevenied processing (Fig. 8B ).
DISCUSSION
The above results indícale that Ihionin precursors are processed in vacuoles and that the matine protein is accumulated in the vacuolar content, while the acidic C-termínal peptide is degraded in vivo. The function of this pepiíde has not been yei investigated, although il could be involved in vacuolar targeting. Monensin and brefeldin A prevented processing of the precursor in vivo bul not in vitro and did not determine retenlion in the microsomal fraction. Similar results have been obtained for the US globulin from pumpkin cotyledons, whosc processing, but not targeting. is inhibited by monensin in viva, but not in vitro (Hayashi et al.. 1988) . The pH optimum of the vacuolar processing activity is about pH 5.0 and inhibition in vivo by ionophores can be ascribed to an elevation of vacuolar pH (Tartaleo!!. 1983) . Different ionophore effeets have been observed for other plant proteins. such as re-direction of transpon from the vacuole tonoplast to the plasmalemma (Craig and Goodchild. 1984) or blocked transpon (Gómez and Chrispeels. 1993 ).
The inhibition profiles of lysed vacuoles and of the purified proteinase. using the fusión protein as substrate, wcrc idéntica! and did not correspond lo any of the four classical mechanislie types of proteinases (Salvesen and Nagase. 1989) or to previously described vacuolar processing activities. The action of most diagnostic inhibitors of cysieine proteinases may be affected by dithiothreitol, which is required for enzyme activity. However, the cystcine proteinase inhibitor E64. which is not affected by dithiothreitol (see Salvesen and Nagase. 1989) . did not inhibit the processing activiiy, which suggests that the enzyme is not a cysteine proteinase. However. a putative thiol proteinase from jack bean was only partially inhibited by 0.5 mM E64 (Abe et al., 1993) , hall" the concentration used in this study, and a mammalian cysteinc proteinase was not inhibited by 10 iiM E64 (Nicholson et al.. 1995) . so the possibility that the proteinase reponed tere belonas to this class of enzymes can not be excluded.
High concentrations of Zn
2 ' (in the millimolar range) have been shown to inhibit metallo-proteinases due to the formation of zinc monohydroxide that bridges the catalytic zinc ion to a side chain in the active site, whereas non-competitive inhibition by other heavy metáis, including Cu 2+ , is attributed to binding to other sites (Mallya and van Wari, 1988 indicates that the activity characterized in vitro operates in vivo to process thionin precursors. The cleavage site of the thionin precursor is fairly conserved at the Pl residue, which is usually Lys or His and, less frequently, Asp or Arg (see García-Olmedo et al.. 1989) . Site-dí-rected mutagenesis around the processing site to reproduce the sequences corresponding to precursors of different thionins gave substrales that were readily processed in vitro, whereas mutations changing the polarity of the Pl or Pl' residues (Lys into Asp or Leu into A.sp) led to substrales that were not processed. The latter observalion is particularly relevant because processing cysteine proteinases previously described in plañís are able to process Asn-Asp sites (Hara-Nishimura et al.. 1991 . 1993 . A wide range of precursors of different proteins from seeds and mature leaves from various species have been reponed to be processed by a single vacuolar thiol proteinase activity from either castor bean or pumpkin (Hara-Nishimura et al.. 1991 . 1993 . In all these cases, Asn was invariably the Pl residue. while the Pl' residue was either neutral (Gly, Ala, Leu or Pro), acidic (Asp or GIu), or basic (Lys or Arg). Proglycinin is also processed at an Asn-Gly (Pl-Pl') site and seems lo require a glutamate at the P4' position (Scotl et al.. 1992) . whereas a conserved glutamate is not found in the known thionin precursors (Bohlmann and Apel. 1987; Gausing. 1987 : Hernández-Lucas et al.. 1986 : Ponz el al.. 1986 Schrader and Apel. 1991) . Cleavage specifity of the barley proteinase reponed here is also incompatible with Ihose found for the asparlie proteinases from Arttbidopsis (D'Hondt et al.. 1993 ) and barley (Kervinen et al., 1993) .
The apparenl molecular mass of 70 kDa estimated for the processing proteinase reponed here is much higher than ihose of cysteine proteinases from castor bean (Hara-Nishimura et al.. 1993) and jack bean (Abe el al.. 1993) and lower than that assigned lo the proglycinin-processing enzyme (Scotl el al.. 1992) .
In conclusión, susccptibilily to inhibitors, processing-sile specificily. partía] amino acid sequence. and apparenl molecular mass of the vacuolar proteinase described here differ from ihose of enzymes previously reponed as responsiblc for cleavage of other vacuolar protein precursors from plants. The fact that processing siles of thionin precursors from wide-ranging species are cleaved suggests that this activity is probably widely dislribuied in the plant kingdom.
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